Abstract. This particular study deals with the impact of pre-sowing nanotube-based seed treatment technology on rapeseed (Brassica napus) growth and yield. During field tests we identified a significant yield increase as a result of applying the pre-sowing nanotube-based seed treatment technology. The main treatment agents were physiologically active nanochips consisting of carrier matrix nanotubes with eliciting activity ("Taunit", "Taunit-M", "Taunit-MD", and graphene). Enriching nanochips with insecticide-fungicide Kruizer-rape for guaranteed seed protection from crucifer flea allowed to raise the yield up to 8.08 t / ha -12.28 t / ha.
Introduction
Carbon nanotubes have been proved to be widely applied in different areas of human activity as a nanoproduct with unique qualities [1] . The most significant features of nanotubes in terms of biology and medicine are high sorption capacity, low toxicity and ability to infiltrate cell membranes [2] [3] [4] [5] [6] [7] [8] [9] . The test-studies (on tseriodafniyah, protococcal green algae, GMO culture of luminescent bacteria E.coli M-17 (test system (Ekolyum"), house mice) revealed that the carbon nanotubes refer to III-IY hazard class on ecotoxicological five-point scale. The tests have also indicated the ability of multi-walled carbon nanotubes to penetrate the roots and reach the leaves of plants as well, going up the conduction system and leaving cells undamaged (test object -sainfoin) [4] [5] [6] . Growth and seedling development stimulation along with an increased peroxidase activity were also confirmed (nanomaterial concentration -100 to 1000 mg / l). Nanotubes also accelerate roots, shoots and stems growth of chickpea (Cicer arietinum) at a concentration of carbon nanotube water-soluble fractions up to 6 g / l. Nanotubes promote the occurrence of "channels" in plants which enables plant cells to absorb water and nutrients more effectively [6] .
The test results of colloidal carbon tubes water solutions influence on rapeseed (soaking) indicated that all the studied concentrations of nanoparticles have a stimulating effect on root and stem length [8] . The root reaches its maximum length (+70% to control level) at a nanomaterial concentration of 0.01%; the stem reaches its maximum length (+10% to control level) at a nanomaterial concentration of 0.001%. Significant differences were discovered between the effects of different nanomaterial concentration levels (0.00001, 0.0001 and 0.01%) on root lenth. Although, soaking in nanomaterial solutions suppress the seeds germination and vigor (maximum -50% to a control level at a concentration of 0.0001%) [8] .
Numerous test studies indicated that the exposure of tomato, tobacco, sainfoin, wheat, rapeseed seeds to nanotube-containing solutions led to stimulation of germination and plant growth; it also increased biomass accumulation and yields due to the penetration of nanotubes through seed shell. The studies have been performed in Arkansas University Little Rock Nanotechnology Center, Tambov State University (REC "Nanotechnologies and Nanomaterials") together with the Tambov State Technical University ("NanoTechCenter" Ltd.) [3] [4] [5] [6] [7] [8] .
The obtained data suggests that some of the nanotubes may have a positive effect on plants. Although, the results may vary, depending on the properties of nanomaterial, the plant and its cultivation conditions.
Methodology
Development and obtainment of new sorption -capacity (nano) chips for pre-sowing treatment, carbon-containing (nano) materials (carbon nanotubes, graphene, together with different plant protection means of biogenic nature (chitosan), pesticides (Cruiser-rape). Application norms were sharply reduced to model conditions in the case of infected backgrounds. The research is performed according to the Ruban et all. Patent № 12459518 USA (2012). [9] [10] [11] .
The field test was conducted using the rape crop cultivation technology common for Central Chernozem region [12] [13] . Environmentally friendly (nano) chips with elicitors (chitosan) introduced into their composition were used during the testing [14] [15] [16] . The crop was sprayed with biopesticides (chitosan) in the phases of 4-6 leaves and budding -flowering. In all the field tests phenological and phytosanitary surveillance and surveys were carried out according to the generally accepted methods and recommendations developed [13] . To protect rape crop from weeds and pests it was treated with herbicides and insecticides during the vegetation period (Zelek Super (0.5 l/ha), Salsa (20g/ha); insecticide spraying with Fastak (0.15 l/ha).
Results
This particular study deals with the impact of pre-sowing nanotube-based seed treatment technology on rapeseed (Brassica napus) growth and yield. Rapeseed treated and untreated (control level) with nanochips were grown in Petri dishes on filter paper for 10 days [17] . The nanochip components were chosen according to the published data and results of the previous studies. Determination of vigor and germination was carried out in accordance with [17] . The linear dimensions and weight of aboveground and underground parts of plants were observed in dynamics [16] .
"Taunit"-series multi-walled carbon nanotubes (nanocarbon contents: 95-98 wt.%) produced by "NanoTechCenter" Ltd. (Tambov, Russia) were used in the study [18] . These products represent quasi-one-dimensional, nanoscale, polycrystalline, filamentous graphite cylindrical formations with internal channels. Their characteristics are given in Table 1 , and scanning electron micrographs of their surfaces are presented in Fig. 1 .
Our lab research indicated sharp germination activation of rapeseed after pre-sowing nanotube-based seed treatment. The seed were treated by applying carbon nanotubes to the seed surface. "Taunit", "Taunit-M", "Taunit-MD and graphene (carbon monolayer enriched with physiologically active substances) were used as basic means of treatment. The number of germinating seeds among the treated ones on the first day was 20.2-32.5% (19.8% -untreated seeds); on the second day it went up to 90,5-93,0% with an obvious increase of germination, vigor, length of the seedlings and raw mass accumulation [9] . This may be due to penetration of physiologically active multifunctional nanochips inside the seeds and further to the cells and tissues of seedlings.
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Volume 58 During the field tests we identified a significant yield increase as a result of applying the pre-sowing nanotube-based seed treatment technology. The main treatment agents were physiologically active nanochips consisting of carrier matrix nanotubes with eliciting activity ("Taunit", "Taunit-M", "Taunit-MD and graphene). Enriching nanochips with insecticide-fungicide Kruiser-rape for guaranteed seed protection from crucifer flea allowed to raise the yield up to 8.08 t / ha -12.28 t / ha. (see Table 2 ).
The results of our studies suggest that carbon nanotubes create additional channels and ensure effective water supply in seedlings, which, in turn, accelerates the process of growth. There also can be more complex mechanisms for stimulation of seed germination process associated with altered biochemical status and the expression of certain genes [6, 8] . 
Summary
Treating seeds with the use of nanotechnology leads to forming nanodimentional structures on the seed surface. These structures make mineral nutrition more efficient, provide a better protection and development for plants, and increase productivity. Considering the above, nanoporous materials can be effectively used as a means of transfer for various types of plant protection and nutrition, accelerating germination and plant growth. Use of nanomaterials decreases rates of chemical plant protection products applied as a part of nanochip. The developed technology perfectly fits the concept of introducing green agricultural products to the market and countering biosphere ecocide. More than 4 million of xenobiotics have been recently introduced to the mankind due to the growth of industrial production and intensive use of fossil fuels and chemicals. Negative impact of chemical pressure on biosphere (which is now recognized by the majority of scholars as a living being) has dramatically increased, especially in developed countries. The use of biopesticides as part of eco-friendly nanochip for pre-sowing seed treatment allows to meet the world's increasing demand for ecogically safe and clean agricultural products.
